Consolidated-drained triaxial compression tests were conducted to compare the stress-strain and volume change response of sands and clayey sands reinforced with discrete randomly distributed polypropylene fibers. The influence of various test parameters such as fiber content (0.0%, 0.5% and 1.0% by weight), clay content (0%, 10% and 20% by weight), relative density (50% and 90%) and confining pressure (100 kPa, 200 kPa and 300 kPa) were investigated. It has been observed that addition of clay particles to the sands decreased the shear strength of samples. Also, increase in clay content reduced dilation and increased compressibility of the mixed soil. Addition of the fiber to both sands and clayey sands samples improved the shear strength and increased ductility and axial strain at failure point.
Introduction
The soil improvement methods are used to improve the soil characteristics in civil engineering projects. One of these methods is using the fibers to increase the strength of soil. Early attempts to increase soil strength by mixing it with other materials date back 3000 years to the construction of Ziggurats (Hamidi and Hooresfand, 2013) .
The effect of adding fibers to soils especially sandy soils were examined by many researchers (Maher and Gray, 1990 Wang et al. 2014) . Studies showed that the shear strength increases with increasing fiber content. In most construction of road projects, replacement of the soil with high quality materials due to the lack of soils' strength parameters in field is necessary, tends to be very costly. Therefore, the use of fibers and mixing it with the poor soil can be economic and increases the speed of the project's progress, due to removal of the excavation and embankment steps. There are several ways to mixing fibers such as using the layer of fibers in soil or using air pressure to spread fibers in the soil. But one of the simplest method is spread of the fibers on the soil's surface and mixing it with soil by using the graders. Different aspects of fiber reinforcements such as content percentage, length, type, orientation angle in soils embankment have been studied by few of researchers (Gray and Ohashi, 1983 The main objective of the work described in this paper is evaluating shear strength of clayey sands in both reinforced and Downloaded from jeg.khu.ac.ir at 13:31 IRST on Tuesday February 4th 2020
[ DOI: 10.18869/acadpub.jeg. 10.4.3767 ] unreinforced statuses. A series of consolidated drained triaxial compression tests carried out and peak shear strength, volume change and stiffness characteristics were determined. Special attention was paid to the influences of relative density, confining pressure and fiber content on the stress-strain and volume change behavior.
Materials
Materials considered in testing program are uniform sandy soil and clay besides polypropylene fibers. Characteristics of each material type are explained in the following sections.
Sand
A clean and dry, uniform quartz beach sand from the shores of the Caspian Sea (Specifically Babolsar, Iran) was used as the base material in the tests. It has been classified as SP according to the Unified System of Soil Classification. The grain size distribution curve is shown in Figure 1 and properties of the sand are tabulated in Table 1 .
Clay
Kaolinite clay passed No. 200 sieve is used in tests. The clay was obtained from Zunus kaolin mine (Marand, Iran). Clay with three contents of 0%, 10% and 20% by dry weight of sands were mixed with sands. Figure 1 was shows grain size distribution curve. Also, the characteristics of clay are stated in Table 2 .
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Fibers
Monofilament polypropylene fibers with circular cross section were used throughout this investigation to reinforce soil. Three fiber contents of 0.0%, 0.5% and 1.0% by dry weight of specimens were used to mix with sands or clayey sands. The physical and mechanical properties of fibers are presented in Table 3 that are similar to those were used by Hamidi and Hooresfand (2013) . Ladd (1978) method was used for sample preparation. In this method, by knowing the mold's volume and dry density of soils (clay and sand) for different relative density of samples, the required mass of materials is determined. Diameter and height of mold were 100 mm and 200 mm, respectively and samples were constructed in eight layers. Then, the mass needed for each layer carefully estimated. The required sand and clay for each layer plus 5% water were mixed by hand. Addition of water makes the sample preparation process much easier with less disturbance. Since, the samples are initially saturated, the initial moisture content will have no effect on the results. Fibers were randomly distributed in the samples according to Michalowskia and Čermák (2002) . Fibers were added to soil and mixed by hand to obtain an approximately homogeneous mixture. The finished height of each layer is 25 mm. So, each layer was poured into the mold and compacted by a metal hammer until reaching layer height of 25 mm. In this study, 54 consolidated drained (CD) triaxial tests on samples with different amounts of clays (0%, 10% and 20%), fibers (0.0%, 0.5% and 1.0%), confining pressures (100, 200 and 300 kPa) and relative densities (50% and 90%), were conducted.
Sample preparation and test procedure

Test results and discussions 1. Stress-strain and volume change behavior
Typical deviatoric stress versus axial strain curves and volume change behavior of unreinforced and fiber-reinforced samples, with different fiber and clay contents in relative densities of D r =50% and 90%, are shown in Figure 2 to 7. As can be seen from Figure 2 , the deviatoric stress-axial strain curves of sand with D r =50% shows an apparent peak due to dilative behavior. As clay is added to the sand 90%. For D r =50%, the results were presented for the sandy soil because no peak point in stress-strain curves of clayey sand was seen at this relative density and failure is considered at axial strain of 20%.
On the other hand, ductility of the sand and clay mixtures have been increase as the clay content was increased. It should be notified that in samples with D r =90%, increase in clay content decreased axial strain at failure. Results confirmed that axial strain increased with increase in fiber content and confining pressure. Actually, as fiber content and confining pressure are increased, high lateral spreading (owing to higher axial strain) is required to approach the failure status, tending to the high stress mobility in fibres in potential failure plane. This is in agreement with results of Gray and Al-Refeai (1986) who showed that fiber reinforcement increased the axial strain at failure. Since, the strain at failure can be considered as an expression of ductility, therefore, increase in the amount of fiber and confining pressure increased ductility.
Stiffness
Variations of stiffness-defined as the secant modulus in deviatoric stress-axial strain plot-with change of fiber content, confining pressures and clay content for D r =50% and 90% are presented in 
Energy absorption
Energy absorption indicates the amount of energy required to enforce deformations in fiber-reinforced material. It can be defined by calculating the occupied area under stress-strain curve up to a certain axial strain which was 10% in this study. Figure 11 plots energy absorption for different fiber and clay contents in both considered relative densities. It is obvious that energy absorption was increased by increase of fiber content and relative density from 50% to 90%.
This indicates that more energy is required to cause the mixtures failed with higher relative densities and higher confining pressures.
By comparing the rate of increasing in energy absorption of soils, according to Figures 11(a) and (b), it can be concluded that relative density could have more influence than fiber content. [ DOI: 10.18869/acadpub.jeg. 10.4.3767 ] in the increase in internal friction angle which has been previously reported by Hamidi and Hooresfand (2013).
Shear strength's parameters
Dilation angle
According to Figures 5 to 7 , the dilatation behavior can be seen in samples densified with D r =90%. Therefore, the dilation angle was calculated and presented in Figure 14 for the different contents of clay, fiber and confining pressure. As can be seen by increasing the confining pressure, dilation angle is reduced. This is due to an increase in grains confinement by increased confining pressure. In addition, by increasing the amount of clay, dilation angle has been expectedly reduced. As it was mentioned before, increasing the fiber content in soil ended to develop apparent cohesion which, in turn, resulted in decrease of dilation angle.
Conclusions
In present study, shear strength characteristics of fiber-reinforced sand and clayey sand samples have been studied. A number of consolidated-drained triaxial compression tests were carried out and stress-strain and volume change behavior of samples were monitored to evaluate the influence of clay and fiber additions to sands.
According to the observations, following results have been obtained:
 In higher relative densities, deviatoric stress-axial strain curves of all sand and clayey sand samples had a peak point and dilation was observed in their volume change response. However, for lower relative densities, stress-strain curves of clayey sand samples showed hardening behavior without any distinguished peak point together with compression in volume change behavior.
 Shear strength of sands was obtained more than clayey sand samples and it fell down as clay content was increased. In 50% relative density, adding 10% and 20% clay to sand decreased its shear strength up to 14% and 22%. Likewise, for 90% relative density, the rate of reduction was 24% and 28% respectively. 
